guidewire by removing the dilatation catheter, advanc ing the sheath over the guidewire, then removing the guidewire and inserting the replacement catheter. Simi larly, a catheter having an integral guidewire may be exchanged for a similar catheter by first removing the luer fitting at the proximal end of the catheter, then attaching a wire extension to the proximal end of the catheter, then advancing a sheath over the extension and catheter to locate the distal end of the sheath in proximity to the stenosis, then removing the catheter through the sheath and replacing that catheter with a new catheter inserted through the sheath. 
BACKGROUND OF THE INVENTION
This invention relates to improvements in small diam eter low profile dilatation catheters used in angioplasty and particularly coronary angioplasty. More particu larly, the invention concerns the type of dilatation cath eter which incorporates a wire-like shaft that is suffi ciently torsionally rigid so as to be steerable thereby enabling the catheter to be selectively guided and steered to the desired location in the patient's coronary arteries.
In performing coronary angioplasty, it often occurs that the physician may wish to use a catheter different than the one originally inserted into the patient. For example, this may occur if the initial selection of cathe ter balloon size was inappropriate to treat the patient's stenosis or some other event occurs that would make use of a different catheter desirable When the catheter is of the type that uses a separate movable guidewire, the catheter may be exchanged in a well known procedure in which an exchange wire is substituted for the mov able guidewire (or the length of the guidewire is ex tended with an extension wire): then the catheter is withdrawn over the exchange wire and the replacement catheter is threaded over the exchange wire and is thereby guided to the stenosis. By maintaining the guidewire in position during the exchange procedure, the replacement catheter is easily and quickly advanced to the stenosis.
The foregoing catheter exchange procedure has not been usable with small diameter low profile dilatation catheters of the type that incorporate an integral guide wire because the balloon catheter cannot be separated from the guidewire. Thus, when it is desired to ex change one such dilatation catheter for another, the typical procedure is to withdraw the entire catheter and integral guidewire and then replace it with the desired catheter. Withdrawal of the catheter, however, results in loss of position of the catheter in the stenosis. As a result, the next placed catheter must be re-manipulated through the patient's arterial system to position the balloon in the stenosis. The replacement of the catheter typically involves time consuming manipulation and steering to guide the catheter to place its balloon within the stenosis. The additional procedure increases some what the risk of trauma to the patient.
A similar problem is presented when it is desired to exchange a conventional movable guidewire dilatation catheter for a catheter of the type having an integral guidewire. Again, in order to make such an exchange, it has been necessary to remove completely the movable guidewire and the dilatation catheter to permit insertion of the integral guidewire type of catheter. Because there is nothing to guide the catheter directly to the stenosis, it is necessary for the physician to go through all the manipulations necessary to steer and guide the new catheter to the stenosis.
It would be desirable, therefore, to provide a system by which catheter exchanges involving small diameter low profile dilatation catheters having an integral guidewire could be effected easily, quickly, without loss of position and with minimal trauma. It is among the objects of the invention to provide such a system.
SUMMARY OF THE INVENTION
In accordance with one aspect of the invention, a small diameter coronary dilatation catheter has a shaft formed from stainless steel hypodermic tubing. The distal end of the shaft is of increasing flexibility and terminates in a highly flexible distal tip. The dilatation balloon is mounted to the shaft near the distal end. The interior of the balloon is in communication with the lumen extending through the hollow shaft. The balloon may be inflated and deflated with a liquid by a syringe or other suitable inflation device attached to the proxi mal end of the shaft by a luer fitting carried at the proxi mal end of the shaft. In the present invention, the luer fitting is detachable from the hypodermic tubing so as to present a smooth continuous diameter at the proximal end of the catheter shaft. The luer fitting includes a collet and nut arrangement by which the luer fitting can grip securely the tubular proximal end of the dilatation shaft. After the luer fitting is detached, an extension wire is connected to the proximal end of the catheter shaft to extend its length. With its length so extended, a new catheter is advanced over the extension and along the shaft, following the shaft which thus serves as a guidewire to guide the catheter to the arterial branch to be treated. The small diameter dilatation catheter may remain in the patient and may serve as a guidewire for the larger catheter should it be desired to direct the larger catheter to other regions in the coronary anat omy. Should it be desired to again use the small diame ter dilatation catheter with integral guidewire, the outer catheter and extension wire can be removed and the luer fitting can be replaced on the proximal end of the small diameter dilatation catheter to enable it to be used again to dilate a narrow stenosis.
Should it be desired to replace the small diameter dilatation catheter with another catheter also having an integral guidewire, the luer fitting is detached from the proximal end of the shaft and an extension wire is at tached to the proximal end of the catheter shaft. In another aspect of the invention, an elongate flexible sheath then is advanced over the extended length dilata tion catheter and into the patient's coronary artery close to the site of the stenosis. The dilatation catheter then is withdrawn through the sheath which remains in place. The new catheter then can be advanced through the sheath directly to the location in the coronary artery to be treated. In this instance, the sheath serves to maintain direct and quick access to the branch artery being treated.
In still another protocol that may be practised in accordance with the invention, a conventional dilata tion catheter having a removable guidewire may be exchanged for the small diameter fixed guidewire type of dilatation catheter described above. In this aspect of the invention, an extension is fitted to the guidewire.
Then the conventional dilatation catheter is removed from the patient, leaving the guidewire in place within the stenosis. The elongate flexible sheath, discussed above, then is advanced over the guidewire to the loca tion of the stenosis. The guidewire and extension then may be removed and the catheter with integral guide wire may be inserted into the sheath and be guided directly to the stenosis.
It is among the general objects of the invention to provide an improved system for performing catheter 5,035,686 3 exchanges involving a small diameter dilatation cathe ter having an integral guidewire.
Another object of the invention is to provide a small diameter dilatation catheter having a guidewire-like tubular shaft in which a luer fitting at the proximal end of the shaft is detachable.
DESCRIPTION OF THE DRAWINGS
The foregoing and other objects and advantages of the invention will be appreciated more fully from the following further description thereof with reference to the accompanying drawings wherein:
FIG distal tip 16 of the catheter is of increasing flexibility in a distal direction and, typically, may be formed from a helical coil of radiopaque material. The shaft 12 is suffi ciently torsionally rigid so that it may transmit rotation from the proximal to the distal end of the catheter when the distal end is in the coronary arteries. In order that the device may be selectively steered through the branches of the coronary anatomy, the distal tip 16 is formed so that it may be bent to a slight "J" shape illustrated in phantom at 17. A luer fitting 18 is attached against the tapered bore 24 in the nut. When the luer body 42 is screwed into the nut 20, the collet fingers 30 constrict about the proximal end of the shaft 12 to se curely lock the luer fitting 18 in place. The gasket 34 also is compressed to effect a secure liquid seal about the shaft 12. The proximal end of the luer body 42 has a luer socket 48 adapted to be connected to a syringe or other inflation/deflation device. Thus, it will be appre ciated that the entire luer fitting 18 may be detached from the proximal end of the shaft 12 simply by un screwing the hub 20 and luer body 42 to release the collet and permit the assembly to slide off of the proxi mal end of the shaft 12.
In accordance with the invention, the proximal end of the shaft 12 is formed to define a socket 50 adapted to receive the distal end of an extension wire 52 as illus trated in FIGS. 4A and 4.B. The distal end of the exten sion wire is constructed in a manner that enables it to be detachably connected to the socket 50 in a manner described in detail in pending Application Ser. No. FIGS. 4A and 4B illustrate, somewhat diagrammati cally, the nature of the connection. In brief, the distal end of the extension wire carries a helical coil 54 that detachably connects within the socket 50.
One manner in which the system may be used is illus trated in FIG. 5. In accordance with accepted percutan eous transluminal coronary angioplasty techniques, a guide catheter 51 is percutaneously inserted into a femo ral artery 53 in the region of the groin and is advanced along the aorta 55 to place the distal tip of the guide catheter 51 at the entrance to the coronary artery 57. Once the guide catheter is in place, a balloon dilatation catheter 10 is advanced through the guide catheter 51 5,035,686 5 and is manipulated to position its balloon 14 within the the stenosis 59 to be treated. Should the physician wish to change to a larger catheter having a larger balloon, the inflation device is detached from the luer fitting and the luer fitting 18 is detached from the catheter shaft 12 by unscrewing the luer body 42 to loosen the fitting 18.
The extension wire 52 then is attached to the socket 50 at the proximal end of the catheter shaft 12. The larger catheter 56 then may be advanced over the extension wire 52 and the catheter shaft 12 which guides the larger catheter 56 through the coronary arteries 57 directly to the stenosis 59. Depending on the dimensions of the catheters and the extent to which the balloon 14 on the small diameter dilatation catheter 10 can be col lapsed, the larger catheter 56 may be passed over the balloon portion 14 of the smaller catheter 10. Alter nately, the balloon 58 of the larger catheter 56 can be placed in the stenosis by advancing both the smaller and larger catheters 10, 56 distally until the balloon 58 of the larger catheter 56 is in the stenosis (if the coronary anatomy permits). The balloon 58 of the larger catheter 56 then may be inflated to perform the further dilatation with the larger size balloon.
In another mode of operation, it may be desired to replace the small diameter dilatation catheter 10 with another, small diameter dilatation catheter having an integral guidewire, FIG. 7A illustrates a guide catheter in place in the patient's coronary arterial system and a small diameter dilatation catheter 10 extending through the guide catheter 51, into a coronary artery 57 and into the stenosis 59. Such a catheter exchange requires re moval of the initial catheter 10. However, in order to maintain an ability to quickly and easily reach the steno sis with the next catheter, the luer fitting 18 is detached and an extension wire 52 is fitted to the socket 50 at the proximal end of the shaft 12 (FIG. 7B) . As shown in  FIG. 7B , a tubular guide sheath assembly 60 then is advanced over the extension wire 52 and catheter shaft 12. The sheath assembly 60 is advanced to place its distal end within the coronary artery 57 as close to the stenosis 59 as possible. Once the sheath 60 has been so placed, the catheter 10 may be withdrawn, possibly together with a portion of the sheath assembly as de scribed below. As shown in FIG. 7C , the remaining portion of the guide sheath assembly 60 then provides a clear and direct path along which the replacement cath eter may be advanced and guided directly to the steno sis 59.
The foregoing sheath assembly 60 is selected and dimensioned with reference to the catheters that are to be passed through it so that the catheters may pass freely. As discussed below, the guide sheath assembly 60 may be formed in two elements including an inner sheath and an outer sheath. The outer sheath may be used alone with relatively larger diameter catheters and the outer sheath and inner sheath may be used together with very small diameter catheters or guidewires. The inner diameter defined by the sheath arrangement, whether the outer sheath alone or the combination of outer and inner sheath should be such as to permit free 60 passage of the catheter or guidewire with which it is to be used but without having so much clearance that the ability of the sheath to be pushed over such a catheter or guidewire would be impaired.
The guide sheath assembly 60 is illustrated in FIG. 6 and includes an outer sheath 62 and an inner sheath 64 that is received in the outer sheath 62. Each of the outer and inner sheaths 62, 64 is provided with a proximal 6 fitting 66, 68. The fittings are detachably connectable to each other with luer tapers. The inner sheath 64 serves to fill sufficiently the annular space between the small diameter catheter shaft or guidewire and the inner lumen of the outer sheath 62 to provide axial strength or "pushability' for the sheath assembly as it is advanced over the catheter or guidewire. Of course, if the cathe ter is of sufficient diameter, the inner sheath 64 may be omitted and the procedure may be effected with the outer sheath alone. When both inner and outer sheaths are used, after the sheath assembly has been advanced into position, the inner sheath 64 is removed to present the full diameter lumen of the outer sheath and to enable insertion of the replacement dilatation catheter 10 with integral guidewire, As mentioned above in another protocol, the small diameter catheter with integral guidewire may be ex changed for a conventional balloon dilatation catheter having a removable guidewire. The small diameter catheter with integral guidewire may be removed as described above in connection with FIGS. 7A-7C
From the configuration shown in FIG. 7C in which the outer sheath 62 provides a direct path to the stenosis 59, a conventional guidewire is advanced through the sheath 62 so that its distal tip can extend through the stenosis 59. A guidewire extension then is attached to the proximal end of the guidewire. The sheath 62 then may be withdrawn, the guidewire arrangement main taining position in the stenosis. After the sheath 62 is withdrawn, a conventional over-the-wire catheter can be passed over the guidewire to direct its distal end directly to the stenosis.
In still another protocol, a conventional dilatation catheter having a removable guidewire may be ex changed for a small diameter catheter having an inte gral guidewire. In order to exchange that catheter for a catheter having an integral guidewire, a guidewire ex tension 52 may be attached to the proximal end of the guidewire. The conventional balloon dilatation catheter then may be removed over the extended guidewire. A sheath assembly 60 including both the outer sheath 62 and inner sheath 64 then is advanced over the guidewire to locate the distal end of the outer sheath 62 adjacent the stenosis 59. The inner sheath 64 and guidewire then may be removed leaving the configuration shown in  FIG. 7C of an open outer sheath 62 through which the small diameter catheter with integral guidewire may be advanced directly to the stenosis 59.
By way of example, for use with a small diameter dilatation catheter having an integral guidewire shaft where the shaft is of the order of 0.022'diameter and a conventional guidewire having a diameter of the order of 0.016", the outer sheath may be about 125 cm long and be approximately 0.058' outer diameter having a wall thickness of the order of 0.009'. The outer sheath 62 is formed to include a proximal portion 67 and a distal portion 69. The proximal portion 67 preferably is formed from high density polyethylene and is stiffer than the distal portion 69 which preferably is formed from a more flexible linear low density polyethylene. The more flexible distal portion is desired so that the outer sheath 62 is flexible and can follow the tortuous coronary anatomy, The proximal section 67 is about 100 cm long and the distal portion 69 is about 25 cm long. The proximal and distal portions 67, 69 are joined at a heat bond, indicated at 70.
A stainless steel helical coil 72 is mounted on the outside of the distal end of the outer sheath 62 and is 5,035,686 7 about 15 cm in length. The spring may be formed from wire about 0.002' diameter and serves to enhance the radiopacity of the distal portion of the outer sheath so that it may be visualized fluoroscopically. The coil 72 preferably is coated with a lubricious material such as a polyurethane silicone blend. The coil 72 is attached only at its ends to the distal section 69 by an appropriate adhesive, preferably cyanoacrylate. The individual coils between the ends of the coil 72 are spaced very slightly from each other so that the distal portion of the outer sheath in the region of the coil 72 remains highly flexible. Upon placement of an axial compressive load on the coil 72, the individual coils butt against each other to form a relatively rigid, inflexible tubular col umn. This is desirable when withdrawing a balloon catheter through the outer sheath to insure that the balloon, which will interfere with the distal tip of the catheter, will not cause column buckling of the distal tip of the catheter. Should there be sufficient interference between the balloon and the distal end of the catheter to cause any appreciable column compression, the coil 72 rigidifies to provide support. The spacing of the coils should be just sufficient to permit the coil to retain its flexibility when it is not under an axial compressive load. For example, a few ten thousandths of an inch spacing between coils should be sufficient.
A soft distal tip 74 is attached to the distal tip of the distal section 69, distally of the coil 72. The distal tip 74 may project distally of the polyethylene distal section 69 approximately 2.5 mm. It may be formed from a soft elastomeric material, preferably one which is a styrene ethylene/butylene-styrene(s-eb-s) block copolymer.
The inner sheath 64 which, for example, may be passed over a 0.016" or 0.018" diameter guidewire is approximately 0.034" outer diameter and may have an inner diameter of the order of 0.026". The distal tip of the inner sheath 64 is tapered. The inner sheath is slightly longer than the outer sheath so that when the inner sheath is advanced fully into the outer sheath, the distal tip of the inner sheath will extend about 1.5 cm beyond the distal tip of the outer sheath.
The luer fittings 68, 66, respectively, of the inner and outer sheaths 64, 62 are injection molded onto the proxi mal ends of the tubular sheaths. The proximal luer fit ting 68 of the inner sheath 64 has a purging port 76 which communicates with the lumen of the luer fitting 66 on the outer sheath when the two sheaths are con nected. The purging port 76 permits air to be purged from the inner and outer sheaths simultaneously by flushing saline solution through the proximal luer fitting 68.
From the foregoing, it will be appreciated that the invention provides a means by which catheter and guidewire exchanges can be performed quickly and expediently with minimal risk to the patient and without losing catheter or guidewire position. The invention enables such an exchange to be made for a catheter of the type having an integral, non-detachable guidewire as well as for a conventional movable guidewire cathe ter. Although the foregoing description of the invention has made reference to balloon dilatation catheters, it should be understood that the advantages of the inven tion also may be used with other catheters having both movable guidewires and integral guidewires. For exam ple, the invention may be practised to effect catheter changes with laser catheters, heater probe catheters and the like. 2. An assembly as defined in claim 1 wherein the second tubular element comprises another balloon dila tation catheter.
3. An assembly as defined in claim 1 wherein said second tube comprises a guide sheath having an inner diameter through which the dilatation catheter or a guidewire can be withdrawn and through which an other catheter or guidewire can be passed.
4. An assembly as defined in claim 3 wherein the second tube comprises an assembly of an inner sheath and an outer sheath.
5. An assembly as defined in claim 4 wherein the outer sheath of the guide sheath assembly has an elon gate flexible proximal portion and a distal portion con nected to and extending distally from the proximal por tion, the distal portion being more flexible than the proximal portion.
6. An assembly as defined in claim 3 further compris ling:
the guide sheath having a flexible distal end; and a helical coil mounted to the distal end of the guide sheath, the turns of the coil being slightly spaced from each other, the ends of the coil being attached to the guide sheath whereby in a relaxed configura tion the portion of the guide sheath including the coil remains flexible, the spacing of the turns of the coil being such that upon application of an axial load to the distal end of the guide sheath, the coils will abut each other thereby to define a relatively rigid column resistant to buckling. 7. An assembly as defined in claim 6 further compris 1ng: a relatively soft elastomeric short tip attached to the outer sheath distally of the coil.
8. An assembly as defined in claim 6 further compris Ing:
the coil further defining a radiopague element. 9. A dilatation catheter assembly as defined in any one of claims 3-8 wherein the inner sheath is longer than the outer sheath.
10. A dilatation catheter assembly as defined in any one of claims 4-8 wherein each of the sheaths has a luer fitting at its proximal end, the luer fitting of the inner sheath having a purging port disposed to communicate the lumen of the proximal fitting of the inner sheath with the lumen of the proximal fitting of the outer sheath when the fittings of the sheaths are connected. providing a dilatation catheter comprising a tubular shaft having a tubular proximal end and defining a lumen extending therethrough; a dilatation balloon mounted to the distal end of the shaft and in com munication with the lumen; and a fitting with con municating with the lumen, the fitting being de tachably connected to the proximal end of the shaft;
detaching the luer fitting from the shaft of the dilata tion catheter;
attaching an extension wire to the proximal end of the catheter shaft; advancing a guide sheath over the extension wire and catheter shaft so that the distal end of the guide sheath enters the coronary arteries and advances to a location adjacent the stenosis; removing the dilatation catheter through the guide sheath while maintaining the position of the guide sheath; and thereafter inserting a second catheter through the guide sheath and advancing it to the stenosis. 13. A method as defined in claim 12 further compris ling:
said guide sheath comprising a dual sheath including an inner sheath and an outer sheath, said combined inner and outer sheaths being advanced in unison over the extension wire and catheter shaft; and removing the inner sheath and extension wire and dilatation catheter before inserting said second "catheter whereby said second catheter is inserted through and guided by the outer guide sheath. 14. A method for performing an angioplasty catheter exchange for an indwelling dilatation catheter having a removable guidewire extending therethrough compris removing the angioplasty catheter over the extended length guidewire; passing a guide sheath over the extended length guidewire so that the distal end of the guide sheath enters the coronary arteries and advances to a loca tion adjacent the stenosis; removing the guidewire; and thereafter passing a small diameter angioplasty cathe ter through the sheath and advancing it to the stenosis.
15. A method as defined in claim 14 further compris 1ng:
said guide sheath comprising a dual sheath including an inner sheath and an outer sheath, said combined inner and outer sheaths being advanced in unison over the extended guidewire; and removing the inner sheath and guidewire before in serting said small diameter angioplasty catheter. 16. A method for performing an angioplasty catheter exchange comprising:
providing a dilatation catheter comprising a tubular shaft having a tubular proximal end and defining a lumen extending therethrough; a dilatation balloon mounted to the distal end of the shaft and in com munication with the lumen; and a fitting with com municating with the lumen, the fitting being de tachably connected to the proximal end of the shaft;
attaching an extension wire to the proximal end of the catheter shaft; advancing a guide sheath over the extension wire and catheter shaft so that the distal end of the guide sheath enters the coronary arteries and advances to a location adjacent the stenosis; removing the dilatation catheter through the guide sheath while maintaining the position of the guide sheath; and thereafter inserting a guidewire through the guide sheath and advancing it to the stenosis. 17. A method as defined in claim 16 further compris 1ng:
said guide sheath comprising a dual sheath including an inner sheath and an outer sheath, said combined inner and outer sheaths being advanced in unison over the extension wire and catheter shaft; and removing the inner and outer sheath thereby leaving the guidewire in the patient. k . . . .
